This relationship, recently questioned in fish (9), has been established from measurements in animals maintained at a specified temperature for several days or longer. Changes in arterial blood pH with rapid shifts in temperature (i.e., a change of 10 C over a few hours) have not been investigated in fish in a systematic manner.
The relationship between arterial pH (pHa) and temperature may differ depending on the thermal history of the fish. The first part of this study was to measure arterial blood pH in fish subjected to rapid changes in temperature and compare the results with measurements made in fish maintained at a single temperature for a month.
It has been pointed out (10) that arterial dpH/dT for poikilotherms parallels dpK/dT for many protein systems. The change in pH offsets the change in pK and tends to maintain the degree of dissociation of proteins over a range of temperatures.
This maintains the charge distribution on proteins and prevents osmotic changes within body compartments as a result of temperature changes. The dpK/dT for the bicarbonate-carbonic acid system is small compared with that for arterial blood pH. This means, as Rahn (16) All electrodes, except that used to determine plasma Cc02 (see below), were maintained and calibrated at the temperature of the fish. Gas mixtures of known CO2 , 0 2 > and N2 content were supplied by Wostoff gas mixing pumps and used for electrode c alibration and equ ilibrating blood with known ga s mixtures. Total plas ma CO2 measurements were made on 50-~1 plasma samples using an electrode and cuvette system described by Cameron (2). Plasma samples were obtained by centrifuging sealed syringes filled with whole blood. Samples were processed and analyzed immediately after collection because storage was found to cause marked changes in CO2 content.
In experiments in which VG was measured, the animals were placed in black plastic VG boxes (4). If VG was not measured, the fish were placed individually in darkened aquaria and blood was sampled via a dorsal aortic cannula. In all cases visual disturbance of the fish was minimized. Fish were always allowed to recover at the temperature of acclimation from any operative procedure for at least 1 day before any experimental measurements were taken. Breathing rate, pHa, and VOZ varied during the 1st day after the operation but then remained stable, a day was set as the recovery period.
a period of at least water systems were flow through perature was static or recirculating. rather than regulated by opposing heating
Water temand cooling systems to within 0.5 C. Gas tensions in water were equilibrated with air by aeration.
PCO~ in inlet water was periodically determined and was always below detectable limits; therefore, P1ooZ was assumed to be zero. Experiments were carried out on four groups of fish: Group 1. Fish were maintained at either 4.5 C (n = 14) or 20 c (n = 18) for a month before experimentation (i.e., acclimated to 4.5 or 20 C). Fish were cannulated and then allowed to recover at the acclimation temperature in darkened, individual aquaria. Arterial pH was measured at the acclimation temperature and the temperature changed, a new stable temperature bein,g obtained within an hour.
After 4 hr exposure to the new temperature, pHa was measured again. This procedure was repeated at two more temperatures for each acclimation group. Group 11. Paoz , pHa, P1oz , PEAR , J?G, and VR (breathing rate) were measured in fish acclimated to 10.5 C (n = 8). The water temperature was reduced to 6.8 C for 12-24 hr, returned to 10.5 C for 24 hr, and then increased to 20 C for 12-24 hr. All parameters were measured after 12-24 hr at each temperature step. Fifty percent of the fish were exposed to the low temperature before the high temperature, the reverse sequence being applied to the remainder.
Group III. Trout acclimated to a variety of temperatures, were exposed to a single test temperature per fish, but to a range of temperatures (5 -19 C) considering the whole group (n = 20). After several days at this single temperature arterial pH was measured and the fish were exsanguinated. Astrup curves were constructed for each fish separately in order to determine Paco2 for that fish at a single temperature. Data from fish at a variety of temperatures were combined to determine the relationship between Pace, and temperature.
Group Iv. Fish acclimated to a variety of temperatures were exposed to a range of test temperatures (6-15 C), and arterial blood pH and plasma total CO2 concentration were measured (n = 33). In all experiments great care was taken not to disturb the fish, because activity was observed to have a marked and prolonged effect on arterial blood pH in rainbow trout.
RESULTS
Preliminary experiments were carried out to determine the time course of the response to a step change in temperature (i.e., 10.5-6.8 C or 10.5-20 C). The initial breathing response, occurring in the first lo-20 min, was usually an increase in VG, independent of the direction of the step change in temperature.
Often fish were active during this period. However, VG reached a new stable level within an hour, being greater at higher temperatures.
Pao, and pHa varied during the 1st hr after a step change in temperature, but within 2-3 hr new stable levels had been established. (Fig. 1) . There was no significant difference in pHa measured in fish at 20 C but previously acclimated to 4.5, 10.5, or 20.0 C, or in fish at 14 C but acclimated to 4.5 or 20.0 C (Fig. 1) . The change of pH in vivo was 0.017 pH/" C in fish acclimated to 20 C and less at temperatures above 14 C in fish acclimated to 4.5 C. with a step increase in temperature from 10.5 to 20.0 C, but no significant change when temperature was reduced from 10.5 to 6.8 C (Fig. 3) . The increase in VG from 10.5 to 20.0 C was the result of large increases in breathing rate with small increases in volume of water pumped per breath. The ratio T;/TG/~o~ (Fig. 3) There was no significant difference in Pacoz or the concentration of molecular CO2 in fish at different temperatures (Fig. 4) Plasma bicarbonate levels were calculated, using the Henderson-Hasselbalch equation (Pacog = 2 mm Hg and dpHa/dT = 0.017 pH/"C over the temperature range considered).
As the ionic strengths are similar, pK' values for trout plasma were assumed to be the same as that for human plasma at the same temperature.
CO2 solubility in trout plasma was assumed to be the same as that for 150 mM NaCl. The NaCl concentration in trout plasma is 120-130 mM (25) . Calculated values of plasma bicarbonate decreased by 0.25 mM/ "C as temperature increased (Fig. 5) . Carbonate levels in plasma were also calculated using the Henderson-Hasselbalch equation.
Values for pK1 of the bicarbonate-carbonate reaction were extrapolated from data for the reaction in half-strength seawater (7). The calculated ratio The data from all fish were pooled and plasma total CO2 was observed to decrease with pH (Fig. 6) . Analysis of data indicated that arterial pH and arterial plasma total CO2 are stochastically dependent (r = 0.425, P < 0.01) (Fig. 6) been included in Fig. 6 along with the predicted relationship between pHa and plasma total CO2 at various temperatures. Both arterial pH and plasma total CO2 were variable at any one temperature, probably because the removal of 0.5 ml blood required for CO2 and pH measurements often disturbed the fish. No more than three samples were taken from a single animal, representing a total of approximately lo-15 % of the blood volume of the fish. The variability at any one temperature obscured the relationship between plasma total CO:! an temperature ; however, a decreased pH was associated with a decrease in total CO2 .
DISCUSSION
The changes in arterial pH with temperature in the trout are similar to those observed in some other poikilotherms (14, 20, 2 1, 24-26). The dpH/dT in vivo was similar to that in vitro in a closed system or if PCO~ was maintained at O-l mm Hg. This indicates that the dpK/dT for trout plasma proteins has a similar slope to the change in arterial blood 
